and from the Netherlands [Tans, 1978] . The corals were Montastrea annularis collected from Florida and Belize [Druffel and Linick, 1978 ' Druffel, 1980a] , Pavona clayus from the Galapagos [Druffel, 1981a] and Diploria labyrinthiformis from Bermuda [Nozaki et al., 1978] . See text for detail. be used to calculate in good approximation the value of 114. As the biospheric carbon reservoir fills up, the value will decrease and the apparent residence time of 14CO2 in the atmosphere will increase. This, however, will not significantly affect our conclusions. (Figure 2) , it can be concluded that the loss of atmospheric 14CO2 to the surface ocean was balanced by its cosmic ray production (2.5 inc atoms/cm2/s or 7.9 x 107 atoms/cm2/year). If we assume that nearly all of the inc produced goes into the oceans (>90%) and that the ocean mixed layer is 100 m deep, an average value for Aam of 90%0 would be required to balance the loss of inc to the ocean with its production by cosmic rays. between the deep reservoir and the mixed layer through upwelling. Assuming that atmospheric CO2 will continue to increase [Keeling, 1973] at its present exponential rate, the Se calculated using these Tam . These values were previously reported for coral from Florida [Druffel and Linick, 1978] , Belize [Druffel, 1980a] , Galapagos Islands [Druffel, 1981a] , and Bermuda [Nozaki et al., 1978] . Two data points, representing coral from Canton Island in the midequatorial Pacific and Oahu Island in the North Pacific [Druffel, 1981b] Here, the value for f is 0.29, and an upwelling rate of 22 +-10 m/year follows. As upwelling is most intense in eastern boundary currents, the value for w found in the Peru Current likely represents the largest value for any surface area in the temperate or tropical world ocean. Very few locations (with the exception of polar oceans) experience such an intense vertical mixing component as that which exists in the Galapagos region. These data appear to set maximum limits on vertical mixing in the oceans, from less than 7 -+ 2 m/year in temperate regions to as high as 22 +-10 m/year in eastern boundary currents.
From the nearly constant A laC values displayed during preanthropogenic times
These estimates are lower than the value of 27 m/year made by Broecker et al. [1978] , who used a one-dimensional model to explain the anomalous depletion of radiocarbon in the equatorial Atlantic. As upwelling in the Peru Current is much more intense than that in the broad equatorial band between 15øN and 15øS in the Atlantic Ocean, a lower estimate would be expected for the upwelling rate in the equatorial Atlantic. The discrepancy demonstrates that onedimensional models are inadequate, a fact that has been lucidly shown by tritium [Rooth and Ostlund, 1972; Michel and Suess, 1975; Fine et al., 1981] and tritium/helium profiles [Jenkins, 1980] . The importance of the vertical exchange rates calculated above is actually not with the numerical values themselves, as they were obtained using grossly oversimplified assumptions (no horizontal mixing). But a comparison of the two estimates is of some value. If we divide w found for the Peru Current (22 m/year) by that for the Gulf Stream (7 m/year), we obtain a factor of about 3. This signifies that the exchange between surface and subsurface waters in the Peru Current is approximately 3 times greater than that in the Gulf Stream system. This difference in vertical exchange rates has important implications for the determination of rates of distribution of anthropogenic contaminants in the oceans and for projecting the present and future input of anthropogenic carbon dioxide to the oceans of the world.
